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Inelastic neutron experiments on the classical triangular-lattice geometrically frustrated antifer-
romagnet h-YMnO3 reveal diffuse, gapless magnetic excitations present both below and far above
the ordering temperature, TN. The correlation length of the excitations increases as the tempera-
ture approaches zero, bearing strong resemblance to critical scattering. We model the scattering as
critical spin-spin correlations in a two-dimensional magnetic ground state, and we speculate that
this may provide a general framework to understand features typically attributed to classical spin
liquids.
Frustrated magnetism, in which competing exchange
interactions suppresses magnetic order, is ubiquitous
within condensed matter physics and one of the most
heavily discussed topics is quantum spin liquids (QSL).
Theoretically, QSLs are defined as fluid-like states, where
the spins are highly correlated and continue to fluctuate
down to temperatures of absolute zero [1–4], although
experimental verification is still contentious. Many frus-
trated compounds show features reminiscent of QSLs,
but order magnetically at finite temperatures, which ex-
cludes them as QSL candidates. These compounds are
referred to as classical spin liquids [4], cooperative para-
magnets [2], or merely having spin-liquid-like phases [5],
although no clear definition of these terms is readily
available. Here, we show that such spin-liquid-like fea-
tures in the classical triangular lattice Heisenberg an-
tiferromagnet with nearest-neighbour exchange interac-
tions (TLHA) of hexagonal YMnO3 can be modelled as
arising from critical scattering in a vastly extended tem-
perature regime due to its geometrical frustration. This
may provide a general framework for the understanding
of frustration in TLHA and similar systems.
The triangular lattice is one of the simplest geometri-
cal motifs to exhibit frustration, although the TLHA has
been shown to have an ordered ground state at T = 0
in both the quantum and classical spin case [6, 7]. In
this paper, we study the hexagonal rare-earth manganite
YMnO3, which has stacked triangular lattice planes and
is a close approximation to a TLHA with classical spins.
h-YMnO3 is also widely studied due to its type-I mul-
tiferroic nature. In h-YMnO3, S = 2 Mn
3+–ions form
a two-dimensional triangular lattice, see Fig. 1(a), sepa-
rated by interlayer Y and O ions. h-YMnO3 has a Curie-
Weiss temperature of θCW = −545 K [5], and a magnetic
phase transition to a three-dimensionally ordered antifer-
romagnetic state at TN = 71 K [8, 9]. Its magnetic inter-
actions are dominantly an antiferromagnetic Heisenberg
nearest-neighbor exchange, J = 2.4 meV, then a weaker
easy-plane anisotropy within the hexagonal plane with
D/J ≈ 0.13, and finally even weaker interlayer interac-
tions, Jz/J ≈ 0.06 [10], thus making h-YMnO3 highly
two-dimensional and TLHA-like. The magnetic ordering
below TN within the triangular planes is the 120
◦ spin
structure shown in Fig. 1(a).
Diffuse scattering in h-YMnO3 observed via inelastic
neutron scattering, were previously reported by a num-
ber groups on both powders and single crystals [8, 11–15].
The diffuse scattering was ascribed to a spin liquid state.
However, no attempt at a coherent understanding and
modeling of these features has been made, and even tem-
perature and energy dependencies of the signal remains
little explored.
We report an inelastic neutron scattering study on h-
YMnO3, thus directly probing the magnetic dynamic
structure factor, S(Q, ω) as a function of scattering
wavevector Q and energy transfer ~ω [17]. Our exper-
iments were performed on a 3.4 g single crystal of h-
YMnO3 aligned in the (hk0) crystal plane. To obtain
an overall picture of the excitations, we used the cold-
neutron spectrometer CAMEA (PSI) [18–20] that uti-
lizes multiplexing analyzers and a large detector array
to obtain quasi-continuous coverage in three-dimensional
(h, k, ~ω) space. The data, Fig. 1(c-f), is taken at T =
60 K (< TN) and at T = 100 K (> TN). Constant-energy
maps with ~ω = 1.0 ± 0.2 meV are shown in Figs. 1(c-
d), superimposed on a theoretical simulation described
later. Figs. 1(e-f) show (Q, ~ω) cuts of the same data
across two magnetic Bragg reflections. The cut direction
is sketched in Fig. 1(b).
In the constant-energy (hk0)-map for 100 K in Fig. 1(c)
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FIG. 1. (a) The spin structure of h-YMnO3 in the two-dimensional triangular lattice with Mn spins in the 120
◦ structure.
(b) Sketch of reciprocal lattice in (hk0)-plane. Γ′ is a magnetic Bragg peak, Γ is a structural Bragg peak, and M′ is the
center of the Brillouin edge between neighboring magnetic Bragg reflections. Green lines indicate the direction of the Q cut
used in subplots (e-f). (c-f) Color maps of inelastic neutron scattering data on h-YMnO3 measured above and below TN
on a common, logarithmic intensity scale, created with the software MJOLNIR [16]. Subplots (c-d) show constant energy
cuts at ~ω = 1 ± 0.2 meV for T = 100 K and T = 60 K compared with numerical simulations of the scattering as critical
fluctuations. The model is described in the text, and plotted on its own logarithmic intensity scale. (e-f) (Q, ~ω) cuts of the
same experimental data along the green line in subplot (b).
we observe a diffuse signal of hexagonal symmetry. Broad
peaks of higher intensity reside at Γ′, consistent with the
location of magnetic Bragg peaks below TN. These peaks
are connected with sheets of diffuse scattering crossing
the M ′ points to form a hexagonal pattern. The signal
is strongest for small q, as expected due to the magnetic
form factor [17]. Figure 1(d) shows that the scattering
for T = 60 K (< TN) is very similar to the scattering at
100 K, although less intense, and the peaks are more nar-
row, indicating longer ranged correlations. In both data
sets so-called Currat-Axe spurions [17, 21] are present.
Figs. 1(c-d) show them as two narrow, bright peaks, close
to the Bragg peaks, and in Figs. 1(e-f) they are seen as
sharp, linearly-dispersing streaks.
In the (Q, ~ω) cut at 100 K, Fig. 1(e), the Γ′ excitation
is seen as broad rods with approximately constant inten-
sity and width for increasing energy. The rods are gapless
within the 0.2 meV energy resolution. The M′ excitation
is seen as increased intensity between the two Γ′ points,
and also appears featureless with energy-independent in-
tensity. Below TN, Fig. 1(f), a spin wave is seen as a steep
parabolic shape that has its bottom at the Γ′ point, at
~ω = ∆ ≈ 1.7 meV. The spin wave gap ∆ is due to the
single-ion anisotropy of h-YMnO3 [9, 22, 23]. However,
the intensity below ∆ is not associated with any spin
wave, and we recognize it as the same diffuse signal as
above TN, although it is significantly narrowed below TN.
Based on these maps, we carried out detailed studies of
the temperature and energy dependencies of the excita-
tions using combined data from triple-axis spectrometers
(TAS). The thermal-neutron TAS Eiger (PSI) [24] and
IN3 (ILL) were used to study the signal at M ′, while
the cold-neutron TAS SPINS (NIST) was used to study
the excitation at Γ′, using the better energy resolution
to access the excitation below the spin wave gap in the
ordered phase. The intensity has been cross-normalized.
See also [21].
We investigated the temperature dependence of the
intensities and peak widths by constant-energy scans
through Γ′ with ~ω = 1 meV at SPINS, and through
M′ with ~ω = 5 meV at Eiger and IN3. The scan direc-
tions are shown in the insert of Fig. 2(b). Each data set is
fitted with a Lorentzian, and the integrated intensity and
real-space correlation lengths ξ are shown in Fig. 2(a-b)
for both Γ′ and M′.
The integrated intensity at Γ′, Fig. 2(a), increases
quickly when approaching TN from either side. To illus-
trate the resemblance to a divergence at the phase tran-
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FIG. 2. Temperature dependence of the inelastic neutron
scattering data for (a) the integrated intensity and (b) the
correlation length for Γ′ and M′. Scan directions are shown
schematically in (b). Full blue lines are power-law fits to Γ′
data.
sition, a power law is fitted to the Γ′ data. The Γ′ excita-
tion is well-defined at both the highest (301 K ≈ 4.2 TN)
and lowest (4 K ≈ 0.06 TN) temperatures accessed, and
is more intense than the M′ excitation. The integrated
intensity at M′ is at background level below 25 K, and
then quickly increases in intensity upon heating through
TN. Above TN, the intensity decreases very slowly, reach-
ing background level at 450 K, close to |θCW | = 545 K.
The size of the correlation length for the Γ′ excitation
above TN is ξ ≈ 4 A˚, see Fig. 2(b), similar to the inter-
atomic distance between neighboring Mn atoms, 3.53 A˚.
When cooling below TN, the correlation length increases
smoothly to 45 A˚. Curiously, no divergence in ξ is found
at TN. However, neglecting the 3 lowest points, the Γ
′
data fits a power law diverging at T = 0. The correlation
length of the M′ excitations (Fig. 2b) is approximately
constant at 4 A˚ for the entire temperature range, match-
ing the correlation length of the Γ′ point excitation at
higher temperatures.
The energy dependence of the diffuse excitations was
investigated at different temperatures by constant-Q
scans at Γ′ and M′, see Fig. 3. The Γ′ point data at
4 K, Fig. 3(a), show two magnon modes at 2.2 meV and
at 5.2 meV [10, 25]. With increasing temperatures the
magnons soften [9], but in addition, we observe diffuse in-
tensity. At 75 K, just above TN, we observe quasielastic,
critical fluctuations close to the three-dimensional phase
transition. This behavior subsides already for 90 K,
above which the diffuse excitation has roughly constant
intensity up to 4 meV, where it eventually vanishes at
6 meV. For M′ at 2 K, see Fig. 3(b), magnons are seen
at 10 meV and 16 meV [10, 25]. Increasing temperature
broadens and weakens the magnons, and we observe an
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FIG. 3. Energy dependence of diffuse excitations at Γ′ (a)
and at M′ (b) measured with inelastic neutron scattering.
increase of the diffuse signal. Upon crossing TN a sud-
den jump is observed in the intensity, after which the
intensity is almost energy independent. This behavior is
unchanged up to 300 K.
The inelastic signal at Γ′ exhibits a divergence-like
spike in intensity at TN and a spike in correlation length
at low temperatures with similarities to a divergence at
T = 0. The smooth energy dependence of the fluc-
tuations above TN corresponds to fluctuations at all
timescales below the characteristic energy scale zJS.
These features are spin-liquid-like due to the resemblance
to the diffuse fractionalization which is an experimental
fingerprint of spin liquids [1, 2]. However, the diverging
intensities and correlation lengths also resemble features
of critical scattering: around a phase transition there
will be diffuse, quasielastic scattering whose intensity and
correlation length diverge at the transition temperature
[17, 26]. For unfrustrated magnets this typically hap-
pens in a temperature range of ∼5–10% of TN , where
diffuse scattering sharpens to form Bragg reflections. If
the measured excitations follow this trend, they should
have a pronounced intensity variation along the l direc-
tion.
To investigate this dimensionality of the diffuse exci-
tations, we investigated on IN3 the M′ excitation for dif-
ferent l values on a smaller sample aligned in the (hhl)
scattering plane, see [21]. Both integrated intensity and
width appear independent of l in the temperature range
between 70 and 100 K, see Fig. 4. This indicates that
the diffuse scattering is a two-dimensional phenomenon
within the triangular lattice plane, and does not con-
tribute to the formation of Bragg reflections from three-
dimensional order. Our findings prove that the M’ sig-
nals do not arise from simple critical scattering. How-
ever, they could be caused by critical scattering from the
suppressed two-dimensional order, which would appear
40.5 1 1.5 2 2.5
(hhl) = (½ ½ l)
0
5
In
t (c
ts/
mo
n)
10 -3
70 K
100 K
0.5 1 1.5 2 2.5
(hhl) = (½ ½ l)
0.05
0.1
0.15
W
id
th
 (r
lu)
a) b)
FIG. 4. Scattering intensity and width of the M′ excitation
measured for different l-values. Scans across the excitation
at 70 K and 100 K was fitted with a Lorentzian, and shown
here is the (a) integrated intensity and (b) width. Full lines
indicate mean value of parameters.
at T = 0 in an idealized TLHA system. In this sce-
nario, the critical range is vastly extended (compared to
the critical range around TN ) due to the strength of the
interactions, while the order is suppressed by geometric
frustration.
Investigating this similarity, we model our data as crit-
ical scattering from correlated clusters populated with
spins in the two-dimensional 120◦ ground state that os-
cillate coherently. We do this by calculating the static
structure factor,
S(Q) = f(Q)2
N∑
l=0
∑
α,β
eiQ·rl
(
δα,β − QˆαQˆβ
)〈
Sα0 S
β
l
〉
,
(1)
where N is the number of spins, α, β refers to the x, y, z
vector components, f(Q) is the magnetic form factor for
Mn3+, rl their position in the lattice, S
α
l refers to their
spin component, and the brackets 〈. . . 〉 refers to a 4pi ro-
tational average. In this simple model, the Q-dependence
of the dynamical structure factor equals that of the static
structure factor.
The cluster structure is typically taken as the mini-
mal geometrical motif in the lattice [27], which in our
case is the spin trimer. However, since our correla-
tion lengths extend beyond the nearest-neighbor, we
instead simulate a larger supercell. Under the as-
sumption of critical scattering in the two-dimensional
planes, we incorporate the spin-spin correlation by the
critical form 〈S0Sl〉 ∝ exp(−|r0l|/ξ) [26]. Using the
temperature-dependent correlation lengths determined
for Γ′, ξ(100 K) = 8.6 A˚ and ξ(60 K) = 20.5 A˚, we
set up a supercell of 40×40 unit cells consisting of 4800
spins to achieve the S(Q) spectra shown alongside the
data in Fig. 1(c-d). The simulations qualitatively repro-
duces the experimental data very well: there are peaks at
the Γ′ point for both correlation lengths with a broader
signal for ξ = 8.6 A˚ as expected, and the peaks are con-
nected by weaker bridge-like intensity. In Fig. 1, both
measured and simulated S(Q) are plotted on a logarith-
mic color scale. However, the simulated scale span more
decades than the experimental data. We attribute this
to the simplicity of our model, neglecting energy depen-
dencies. Still, the model allows us to conclude that the
Γ′ and M′ excitations arise from the same origin despite
the different temperature and energy dependencies. Ad-
ditionally, the large cluster with exponentially decaying
spin-spin correlations much better captures the experi-
mental features than the simple trimer model [21].
We envision the following physical picture for the
short-range dynamics in h-YMnO3: Mn
3+ spins on the
lattice develop local 120◦ in-plane correlations below
θCW, giving rise to diffuse scattering. These magnetic
clusters are subject to thermal noise and fluctuate on all
relevant time scales. With decreasing temperature, the
typical size of the spin clusters, ξ, increases, causing in-
creased scattering intensity. At TN a three-dimensional
magnetic ordering occurs due to the coupling between the
Mn layers, and collective spin waves emerge. However,
the spin clusters co-exist with the spin waves, even as the
temperature decreases. Indeed, in the limit T → 0, the
size of the clusters increases, while the intensity vanishes.
Since the fluctuations of the clusters happen at all time
scales, in contrast to the well-defined frequencies of spin
waves, we believe that these two dynamic phenomena are
decoupled and at most weakly interacting.
Scattering patterns reminiscent of our experimental
data have been reported in theoretical studies of the
purely two-dimensional TLHA, which were based on ex-
ponential tensor renormalization group theory for quan-
tum spins [28], and Monte Carlo simulations on clas-
sical spins [29]. Both studies obtain diffuse scattering
maps consistent with ours. Notably, Chen et al. [28] ob-
serve a temperature dependence of the scattering inten-
sities analogous to our experimental data, when ignor-
ing the presence of a finite-temperature magnetic phase
transition. We take these theoretical results as further
evidence that the diffuse scattering stems purely from
the two-dimensional 120◦ order. Some groups have put
forth more exotic explanations for the cause of the dif-
fuse scattering, such as Z2 spin vortices [29, 30] and chi-
ral roton-like excitations [28]. However, we do not find
any compelling evidence for either of these as explana-
tion in our data: chiral rotons should be gapped [28],
whereas our data shows gapless excitations within the ex-
perimental resolution, and a Z2 spin vortex cannot be ac-
commodated with our short observed correlation lengths.
Experimental observations of diffuse excitations similar
to ours in geometrically frustrated compounds have of-
ten been referred to as spin liquids, however we show
that in h-YMnO3 the excitations can be satisfactorily
modeled by critical spin fluctuations existing in a vastly
extended critical region due to the frustration. Thus,
it seems worth contemplating whether such features in
other compounds can also be modeled by critical fluctu-
ations, which may enable a more precise definition of the
term ’classical spin liquid’.
5The vastly extended critical range has profound con-
sequences on the physical properties of h-YMnO3. This
is evidenced by the anomalous thermal conductivity κ,
observed by Sharma et al. [31] in the temperature range
between 20 K and 300 K. These results are not explained
by the usual phononic terms, whence the authors pro-
posed the anomalies to be caused by short-ranged mag-
netic excitations coupled to the heat-carrying phonons
via exchange-striction [31]. Their observed anomalous
temperature range corresponds very well to the temper-
ature range where we observe strong critical fluctuations.
For this reason, we speculate that it is indeed these short-
ranged critical fluctuations that dynamically couple to
the phonons and cause the thermal conductivity anoma-
lies. Similarly, anomalous values for the critical exponent
β that do not correspond to any of the well-known uni-
versality classes have been reported for h-YMnO3 [9] and
other TLHA materials [32, 33]. We speculate that this is
caused by the presence of the additional, two-dimensional
critical fluctuations in the extended critical range which
moves the phase transition beyond the simple Landau
regime.
In summary, our experiments on h-YMnO3 provide ev-
idence for two-dimensional critical scattering as the ori-
gin of low-lying, diffuse scattering observed in triangular-
lattice antiferromagnets. We show good agreement with
a critical model based on exponentially decaying corre-
lations in an extended critical range due to geometric
frustration. We believe that these detailed results may
contribute to establishing a more detailed understanding
of features attributed to classical spin liquids.
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APPENDIX
Sample details
At room temperature, h-YMnO3 is in the hexagonal
P63cm space group with α = β = 90
◦, γ = 120◦, and
lattice parameters a = b = 6.11 A˚ , and c = 11.44 A˚ [34].
Below the antiferromagnetic phase transition at TN =
71 K, the system orders magnetically in the 120◦ spin
structure with the low-temperature magnetic symmetry
group P6′3cm
′ [10, 35, 36].
Our main experiments were performed on a 3.4 g single
crystal sample of h-YMnO3 grown by the floating zone
method [37] and aligned in the (hk0)-plane. In addi-
tion, the study of the dimensionality was performed on
a smaller 1.3 g crystal also grown by the floating zone
method and aligned in the (hhl)-plane.
Instrumental details
Data was taken with three different conventional
triple-axis spectrometers (Eiger, PSI; SPINS, NIST;
IN3, ILL), as well as the newly commissioned multiplex-
ing triple-axis spectrometer CAMEA, PSI. Details for
each experiment is given below.
CAMEA was configured with a wide-angle Beryllium
filter covering all detector banks, where we used incoming
energies of Ei = 5.25 meV and 6.85 meV. These datasets
were then stitched together. The temperature was con-
trolled using a standard Orange cryostat. All CAMEA
data was treated and visualized using the MJOLNIR soft-
ware [16]. Data is presented in Fig. 1 in the main text.
The three-dimensional (h, k, ~ω) data is shown as both
constant-energy slices in (h, k), and as energy-Q slices
(Q, ~ω) along a particular direction in Q. For the (h, k)
map, data with energy ~ω = 1± 0.2 meV is shown, with
a polar binning of 0.03 A˚−1 bin tolerance in both x and y
directions. For the (Q, ~ω) slice, data is presented with
a binning of 0.1 meV in energy transfer, and 0.05 A˚−1 in
q perpendicular to the direction shown.
The CAMEA data contains spurions emerging from
Bragg reflections, and dispersing linearly in energy.
These are known as Currat-Axe spurions and stem from
accidental elastic scattering, as described in great detail
in Shirane et al. [17]. In short, whenever two out of the
three crystals involved (monochromator, sample, and
analyzer) are set to Bragg reflect, then a weak scattered
signal from the third crystal (such as incoherent or
thermal diffuse scattering) may be detected, and though
it is an elastic signal it shows up at a spurious inelastic
energy transfer. The two spurions in the data are
from accidental scattering in the monochromator and
analyzer, while accidental scattering in the sample
belongs to the elastic line.
Detailed temperature- and energy scans were taken us-
ing three different triple axis spectrometers (TAS) using
both thermal and cold neutrons. This allowed us to ac-
cess different energy ranges with resolution functions of
different sizes. Since the diffuse signals are so broad in
q (and the same sample was used in all experiments in
the (h, k)-plane), it is possible to cross-normalize the ob-
served intensities from different experiments using a stan-
dard scan.
The excitations around the M′ point was investigated
using the thermal neutron TAS Eiger [24] (PSI). We uti-
lized fixed final energy of Ef = 14.7 meV, an orange
cryostat, and a PG filter before a horizontally focusing
analyzer. Data from this experiment was combined with
data from an experiment on the thermal neutron TAS
IN3 (ILL) using a cryofurnace to access higher temper-
atures. IN3 was also configured with fixed energy of
Ef = 14.7 meV and a PG filter before a horizontally fo-
cusing analyzer. The cross normalization was performed
between two scans across the M′ point at (h, k, l) =
(0, 1.5, 0) at T = 75 K. After fitting a Lorentzian to each
dataset, a normalization factor for the IN3 intensity was
obtained so that it matched the Eiger intensity for this
scan. This intensity normalization factor was then used
for all IN3 scans, the results of which is shown in Fig. 2
in the main article. The width of the diffuse excitations
at the M′ points are 0.1–0.3 A˚−1, while the resolution
of thermal TAS instruments is roughly 0.03 A˚−1. For
the Γ′ point the width varies between 0.02–0.4 A˚−1, and
the resolution of the cold TAS instruments is rouhgly
0.003 A˚−1. Thus the signals are in no way resolution-
limited, and the simple cross-normalization can then be
performed. The raw scans and their Lorentzian fits can
be seen in Fig. 5.
For the diffuse excitations at the Γ′ point a cold neu-
tron TAS was needed with sufficient energy resolution to
access the excitation in the ordered phase below the spin
wave gap. Here we utilized the cold neutron TAS SPINS
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FIG. 5. Raw scans for the M′ point excitation at ~ω = 5 meV taken with Eiger (blue) and IN3 (orange) for various temperatures,
along with Lorentzian fits. IN3 scans are shown cross-normalized.
(NIST) with a closed-cycle cryostat. SPINS was config-
ured with constant Ef = 5.0 meV and a flat analyzer,
as well as using a cold Be-filter. To cross-normalize, a
scan of the M-point at T = 100 K was performed at
SPINS, and the intensity was cross-normalized to the
Eiger data. This normalization factor was then applied
to all the scans made with SPINS, the results of which
are shown in Figs. 2 and 4 in the main article. The raw
scans and their Lorentzian fits can be seen in Fig. 6.
In order to investigate the dimensionality of the
excitations, the M ′ excitation was measured for varying
l. The measurement was performed on a different,
smaller (1.3 g) sample, aligned in the (hhl) scattering
plane. The M ′ excitation was measured to avoid the
complication of spin waves at Γ′. The TAS mea-
surements were made at IN3 (ILL). Scans were made
across the M ′ point at (hhl) = ( 12
1
2 l) with varying l
and a constant energy transfer of ~ω = 2 meV. The
width of the elastic peak varied considerably with l, so
a background subtraction was performed using scans
taken at the same q positions at 2 K, where the M′ signal
is extinct. This data is shown in figure 4 in the main text.
Simulation details
The scattering is modeled as originating from spin clus-
ters calculated via the static structure factor,
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FIG. 6. Raw scans for the Γ′ point excitation at ~ω = 1 meV taken with SPINS for various temperatures, along with Lorentzian
fits.
S(Q) = f(Q)2
N∑
l=0
eiQ·rl
∑
α,β
∈{x,y,z}
(
δα,β − QˆαQˆβ
)〈
Sα0 S
β
l
〉
,
(2)
where N is the number of spins, f(Q) is the magnetic
form factor for Mn3+, rl their position in the lattice, and〈
Sα0 S
β
l
〉
represents a 4pi rotational average of the spin-
spin interaction. The spins are placed in the 120◦ ground
state structure, and the rotational average represents a
coherent rotation of all spins.
In the main text two examples of spin clusters are re-
ferred to: the minimal trimer model, which is illustrated
in Fig. 7(a), and a much larger cluster with critical spin-
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FIG. 7. Spin position and spin direction in real space for the
trimer spin cluster (left) and a 4×4 unit cell cluster. Red
arrows in the last subfigure indicate the unit vectors aˆ and bˆ
in real-space.
spin correlations. An illustration of a 4×4 unit cell clus-
9ter with 48 spins is shown in Fig. 7(b), although in the
simulation a larger 40× 40 unit cell is used. The critical
spin-spin correlations are implemented by letting them
exponentially decay, i.e. 〈S0Sl〉 ∝ exp(|r0l|/ξ), where
|r0l| is the distance between the 0’th and lth spin.
In order to make the steps in this simulation transpar-
ent, below we will highlight some details usually omitted
from articles. Firstly, we wish to make clear that it is
the rotational average that is responsible for obtaining
the hexagonal symmetry of the structure factor. This il-
lustrated in Fig. 8 for the simple trimer, where the upper
row shows instantaneous spin configuration for different
rotations in the xy-plane, and the lower row shows a
snapshot of the calculated structure factor, i.e. eq. (2)
without the rotational average. As can be seen, these
snapshots do not possess the hexagonal symmetry of the
underlying lattice, and it is the total rotational average
that possesses the hexagonal symmetry.
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FIG. 8. Calculation of the structure factor for the spin trimer.
Upper row shows the instantaneous spin structure for three
different rotations in the xy-plane, while lower row shows the
associated snapshot of the structure factor, i.e. without the
rotational average.
For the trimer and the critical model, one can then
calculate the cluster structure factor. For the critical
model, ξ = 8.6A˚ is used here. Both calculations are
shown in Fig. 9 for a Q grid with ∆Q = 0.07 A˚−1 for both
systems on both linear and logarithmic intensity scale
for comparison. While the trimer structure factor on
a linear scale may look somewhat like the experimental
data for h-YMnO3, it does not adequately capture large
variations in intensity of more than 2-3 decades between
the K and M′ point, and is much more blob-like, whereas
the model including critical fluctuations shown on the
lower row reproduces experimental data more accurately
on a logarithmic intensity scale.
Another argument in favor of the critical model, as
also mentioned in the main text, is that the intensity
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FIG. 9. Structure factor for the trimer (top) and the 40 ×
40 cluster with exponentially decaying spin-spin correlations
with ξ = 8.6 A˚ (bottom). Left side shows the intensity on a
linear scale, while right side shows the intensity on logarithmic
scale for both systems. Intensities are not scaled to match
experimental data here.
profiles are much better captured by the critical model
than the trimer model. As this is hard to see on color
maps, Fig. 10 shows cuts through the Γ′ and M′ point
for the two models. The cutting directions are indicated
by the dashed lines in Fig. 9 (bottom left). The in-
ner, green dashed line indicates a cut across the Γ′ point,
while the outer, white line indicates a cut across the M′
point. Coming back to the data in Fig. 10, the top row
shows the trimer data, while the bottom row shows the
critical model. All data has been fitted with a Lorentzian
interval [-1,1]. The trimer model (top row) has very sim-
ilar intensities at the K and M′ points, and very broad
peak profiles at both locations. This is opposed to the
critical model (bottom row), where the peak shape is very
different between the K and M′ points: the Γ′ point (left)
is three orders of magnitudes more intense than the M′
point, and narrower. This is a much better reproduction
of the experimental data, which was shown in Figs. 5
and 6. For this reason, we believe the critical model is a
much closer reproduction of the real system, and compu-
tationally not much more expensive.
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FIG. 10. One-dimensional cuts through the K and M′ points
for the trimer and 10×10 model. Upper row shows the trimer,
while lower row shows data for the 10× 10 model. Left hand
side shows cuts through the Γ′ point, while right hand side
shows cuts through the M′ point. The cutting directions are
shown in Fig. 9 (lower left corner) as dashed lines. The black
dashed lines superimposed on the data here are Lorentzian
fits to data.
